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ABSTRACT 
Background: Positive associations between as- 
thma and a range of mental disorders have been 
increasingly reported in cross-sectional studies. 
It is important to determine whether the asso- 
ciation between asthma and mental disorders may 
be causal. Objectives: We conducted a retro- 
spective cohort study using data collected from 
the 2007 Australia Mental Health and Wellbeing 
survey (MHW) to examine whether preexisting 
asthma may predict the likelihood of various ty- 
pes of anxiety disorders and affective disorders. 
Design, Settings and Subjects: The 2007 MHW 
survey was a nationally representative household 
survey. Its data included 8841 Australian adults 
aged 18 - 85 yrs. Age at first onset of asthma and 
mental disorders were used to reveal the order 
of occurrence of asthma and mental disorders, 
and to define time at risk and asthma exposure. 
Kaplan-Meier failure function and multivariate 
Poisson regression models were employed in 
analysis. Results: Participants who had a his- 
tory of asthma that lasted six months or more 
were at higher risk of panic disorder, obsessive 
compulsive disorder, posttraumatic stress disor- 
der, bipolar disorder, mania and hypomania. The 
association between asthma history and risk of 
mental disorder subtypes differed by gender. 
Conclusion: The findings of this study support 
the hypothesis that pre-existing asthma increas- 
es the risk of a number of anxiety disorders and 
affective disorders. Predisposition to carbon dio- 
xide hypersensitivity and corticosteroid therapy 
may partly explain the observed associations. 
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1. INTRODUCTION 
Asthma is one of the major public health problems that 
affect children and adults in both industrialised and de- 
veloping countries [1,2]. Over the last several decades, 
the prevalence of asthma appears to have increased con- 
tinuously. Although the observed trend may be partly 
due to improvements in awareness, screening and diag- 
nosis, it is believed to reflect a real increase due to in- 
creasing prevalence of environmental risk factors [1,2]. 
Despite the current treatment for asthma focusing on 
control of physiological responses to allergens and envi- 
ronmental factors, asthma was once considered a psy- 
chological illness [2,3]. In recent years the positive asso- 
ciation between asthma and a range of mental disorders 
has been increasingly reported in cross-sectional studies 
[3-9]. Cross-sectional studies however do not typically 
allow the direction of causality to be determined [8]. 
Moreover, only a small number of prospective studies 
have sought to address the association between asthma 
and mental disorders, two of which have reported that 
asthma is associated with a higher risk of panic disorders 
[10,11]. 
Evidence from clinical studies suggests that increasing 
levels of carbon dioxide [12,13] and respiratory abnor- 
malities [14] can trigger panic disorders among those 
with hypersensitivity to carbon dioxide. It has also been 
observed that corticosteroids which are commonly pre- 
scribed to treat asthma, may increase the risk of mood di- 
sorders in a dose-response manner [15,16]. Understand- 
ing the associations between asthma and the risks of 
mental disorders has significant implications for asthma 
treatment and follow-up in primary care settings. The 
aim of our study is to conduct a retrospective cohort 
study using data collected from the 2007 Australian 
Mental Health and Wellbeing survey (MHW) to investi- 
gate whether pre-existing asthma may predict the likely- 
hood of anxiety disorders and affective disorders. 
2. METHOD 
This is a retrospective cohort study based on data col- 
lected from the 2007 MHW survey. The 2007 MHW 
survey was a nationally representative household survey. 
Its data included 8841 Australian adults aged 18 - 85 yrs 
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[17]. Each interview collected information required for 
the assessment of DSM-IV and ICD-10 mental disorders 
using a modified version of the World Mental Health 
Survey Initiative version of the Composite International 
Diagnostic Interview (WMH-CIDI 3.0). Interviews were 
conducted by trained interviewers [18]. In this study 
DSM-IV diagnoses were used. The diagnoses covered in 
the 2007 MHW survey included: 1) affective disorders, 
major depression, dysthymia, bipolar affective disorder; 
2) anxiety disorders, agoraphobia, social phobia, panic 
disorder, generalized anxiety disorder, obsessive com- 
pulsive disorder, post-traumatic stress disorder [18]. De- 
tails of measurements and interviews have been de- 
scribed in the Summary of results produced by the Aus- 
tralia Bureau of Statistics [18] and by Slade et al. [17].  
The 2007 MHW survey estimated the age of first onset 
for mental disorders based on the respondent’s recalled 
age for the first time experience of an episode [18]. The 
interview also collected information on the age at diag- 
nosis of asthma. The participants were asked whether 
they have ever been informed by a doctor or a nurse that 
they have asthma. If the answer was “yes” then the par- 
ticipants were further asked to report: 1) their age at that 
time and 2) whether their asthma had lasted for six 
months or more [18]. In the current study, age at first 
onset of asthma and mental disorders were used to reveal 
the order of occurrence of asthma and mental disorders, 
and to define time at risk and asthma exposure. The ana- 
lytical strategy was similar to that described by Kessler 
et al. [19]. Kessler and colleagues successfully used age 
at first onset drawn from a national mental health survey 
to define the order of exposure and outcomes in a retro- 
spective cohort study [19].  
Data Analysis 
Kaplan-Meier failure function graphs by gender were 
used to describe the difference in cumulative risk of an- 
xiety disorders between participants with a previous di- 
agnosis of asthma that lasted for six months or more and 
those without a previous diagnosis of asthma. The same 
analysis was repeated for affective disorders. Survival 
time was defined as between birth and the time of the 
survey or the onset of an anxiety disorder or an affective 
disorder, whichever came first. The difference in survival 
function between participants with asthma and those 
without were tested by log-rank test which adjusted for 
gender as well as performing separately for each gender. 
Log-rank tests were repeated for subtypes of mental dis- 
orders. Subtypes of mental disorders which indicated a 
significant difference in the log-rank tests were further 
investigated with multivariate Poisson regression models. 
Where the effect of asthma appeared to vary by gender in 
the log-rank tests and Kaplan-Meier failure function 
graphs (see Appendix materials), multivariate Poisson re- 
gression models were further performed for each gender. 
Because anxiety disorders and affective disorders in- 
fluence the risk of each other, multivariate analysis was 
also used to estimate the adjusted effects of different 
types of mental disorders. In the Poisson models, the re- 
trospective cohort data was converted from a per-par- 
ticipant unit of measurement to a per-person-time unit of 
measurement. Each unit of observation was one per- 
son-year at risk, which was denoted by the participant 
from whom the event was observed and the age of the 
participant at the time when the event was observed 
(similar to age at different follow-up periods in prospec- 
tive cohort study). A similar analytical strategy was used 
by Kessler et al. (1997) to predict alcohol dependence 
[19]. The analysis period began at birth and ended when 
an event was observed or the time of the survey which- 
ever came first (i.e. in the same manner as if in a pro- 
spective cohort study). The Poisson regression model 
included three categories for asthma exposure: 1) without 
a previous diagnosis of asthma; 2) with a previous diag- 
nosis of asthma that lasted at least six months; and 3) 
with a previous diagnosis of asthma that lasted for less 
than six months. The models also controlled for gender, 
age at survey (adjusting for cohort effects), age when 
person-years at risk were observed, whether the partici- 
pant had started smoking daily, and pre-existence of af- 
fective disorder (when the outcome was an anxiety dis- 
order) or pre-existence of anxiety disorder (when the 
outcome was an affective disorder). 
3. RESULTS 
Among females, the cumulative risk of anxiety disor- 
ders was significantly higher for those who had a history 
of asthma that lasted for six months or more compared to 
those without a previous history of asthma. In contrast, 
the cumulative risk of anxiety disorders was similar 
among males who had a history of asthma that lasted for 
six months or more when compared to those without a 
previous history of asthma (Figure 1 and Table 1). 
As shown in Figure 2, the cumulative risk of affective 
disorders was higher among those who had a history of 
asthma that lasted for six months or more compared to 
those without a previous history of asthma for each gen- 
der. However, the survival functions were only signifi- 
cantly different when the subsamples of both genders 
were combined (Table 1).  
When subtypes of mental disorders were investigated 
separately, the cumulative risk of panic disorders, obses- 
sive compulsive disorder, post-traumatic stress disorder, 
bipolar disorders, and mania and hypomania disorders 
were significantly higher among subjects with a previous 
history of asthma that lasted 6 months or more compared 
to those without a history of asthma for the whole sample. 
The cumulative risk of dysthymia was found to be sig-  
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Table 1. Gender-specific log-rank tests for survival functions of anxiety disorders and affective disorders and previous asthma expo- 
sure. 
Both genders Male Female 
number of mental disorders  
observed 
number of mental disorders  
observed 











All anxiety disorders 1495* 212* 539 63 956* 149* 
All affective disorders 975* 151* 349 47 626* 104* 
General anxiety disorder 420 63 156 17 264 46 
Panic disorder 219* 41* 74 14 145 27 
Obsessive compulsive disorder 212* 51* 86 16 126* 35* 
Social phobia 558 66 217 29 341 37 
Agoraphobia 151 25 46 9 105 16 
Post traumatic stress disorder 716* 122* 211 26 505* 96* 
Major depression 879 124 304 39 575 85 
Dysthymia 174 31 70 8 104* 23* 
Bipolar disorders ( I & II) 145* 42* 71* 14* 74* 28* 
Mania and hypomania 131* 41* 65* 14* 66* 27* 
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Figure 1. Gender-specific cumulative risk of anxiety disor- 
ders by asthma exposure. 
Figure 2. Gender-specific cumulative risk of affective dis- 
orders by asthma exposure. 
  
nificantly higher for participants with a previous history 
of asthma that lasted at least 6 months among females 
but not males.  For these subtypes of mental disorders, 
gender variations for the effects of pre-existing asthma 
were further invested with Kaplan-Meier failure function 
graphs (Figures A1-A6 in the appendix). There was a 
small difference in the cumulative risk between males 
with a previous history of asthma that lasted 6 months 
and those without for post-traumatic stress disorder (Fig- 
ure A3) and dysthymia (Figure A5). These observations 
concurred with the results of separate log-rank tests per-  
formed by gender (Table 1). 
In the multivariate analysis, a history of asthma that 
lasted for more than 6 months was associated with a sig- 
nificant increase in the risk of panic disorders, obsessive 
compulsive disorder, post-traumatic stress disorder, bi- 
polar disorders, and mania and hypomania disorders after 
adjusting for a number of potential confounders. How- 
ever, a history of asthma that lasted less than 6 months 
was only associated with a significant increase in the risk 
of post-traumatic stress disorder (Table 2).  
Given that the effects of pre-existing asthma on the  
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Table 2. Relative risk of anxiety disorder and affective dis- 
order subtypes by history of asthma estimated with multivariate 






Panic disorder    
without history of asthma 1.00   
with asthma lasted 6+ months 1.42 1.02 1.99
with asthma lasted less than 6 
months 
1.10 0.70 1.75
Obsessive compulsive disorder    
without history asthma 1.00   
with asthma lasted 6+ months 2.11 1.54 2.88
with asthma lasted less than 6 
months 
1.19 0.73 1.94
Post-traumatic stress disorder    
without history asthma 1.00   
with asthma lasted 6+ months 1.60 1.32 1.95
with asthma lasted less than 6 
months 
1.32 1.02 1.70
Dysthymia    
without history asthma 1.00   
with asthma lasted 6+ months 1.30 0.88 1.91
with asthma lasted less than 6 
months 
0.72 0.39 1.33
Bipolar affective disorder    
without history asthma 1.00   
with asthma lasted 6+ months 1.56 1.10 2.21
with asthma lasted less than 6 
months 
1.10 0.67 1.80
Mania and hypomania    
without history asthma 1.00   
with asthma lasted 6+ months 1.71 1.20 2.43
with asthma lasted less than 6 
months 
1.03 0.60 1.76
Models adjusted for gender, age at survey (adjusting for cohort effects), the 
age when person-years at risk were observed, whether had been started 
smoking daily, and pre-existence of affective disorder (when the outcome is 
an anxiety disorder) or pre-existence of anxiety disorder (when the outcome 
is an affective disorder). 
 
cumulative risk of post-traumatic stress disorder and 
dysthymia varied by gender, multivariate analysis was 
performed for each gender separately (Table 3). A his- 
tory of asthma that lasted for six months or more was 
associated with a significant increase in the risk of 
post-traumatic stress disorder only among females. There 
is no significant association between pre-existing asthma  
Table 3. Gender-specific incidence rate ratio of post-traumatic 
stress disorder by history of asthma estimated with multivariate 
Poisson regression models. 














      
without history 
asthma 
1.00   1.00   
with asthma 
lasted 6+ months
1.29 0.85 1.95 1.73 1.39 2.16
with asthma 
lasted less than 6 
months 
1.46 0.90 2.38 1.28 0.95 1.74
Dysthymia       
without history 
asthma 
1.00   1.00   
with asthma 
lasted 6+ months
0.98 0.47 2.05 1.49 0.94 2.35
with asthma 
lasted less than 6 
months 
0.76 0.27 2.09 0.71 0.33 1.53
Models adjusted for age at survey (adjusting for cohort effects), the age 
when person-years at risk were observed, whether had been started smoking 
daily, and pre-existence of affective disorder (when the outcome is an anxi-
ety disorder) or pre-existence of anxiety disorder (when the outcome is an 
affective disorder). 
 
and dysthymia when the analysis was performed on gen- 
der-specific subsamples. 
4. DISCUSSION 
In this study, it was observed that participants who had 
experienced asthma that lasted at least 6 months were at 
higher risk of panic disorder, obsessive compulsive dis- 
order, post-traumatic stress disorder, bipolar disorder, 
and mania and hypomania. These observations are con- 
sistent with findings from previous cross-sectional stud- 
ies which shown high prevalence of co-existence of 
asthma and certain mental disorders [3-9]. Similar find- 
ings on panic disorders were also observed in two previ- 
ous prospective studies [10,11]. It has been well docu- 
mented in experimental and clinical studies that carbon 
dioxide inhalation can trigger symptoms of panic disor- 
ders [12,20,21], and therefore repeated exposed to in- 
creased carbon dioxide may trigger symptoms of panic 
disorders among asthma patients with a genetic predis- 
position to carbon dioxide hypersensitivity. However, the 
underlying causes for the observed associations between 
asthma and later onset of obsessive compulsive disorder 
and post-traumatic stress disorder are unclear. Corticos- 
teroid therapy which is commonly prescribed to treat 
asthma [22] has been implicated as a potential risk factor 
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for bipolar disorders, mania hypomania and depression 
[15,23-25]. In this study, we did not observe a significant 
association between asthma history and major depression, 
however, there were positive associations between asth- 
ma history and bipolar disorders, mania and hypomania. 
Bipolar disorders, mania and hypomania are much less 
common than major depression among the Australian 
population [17,18], and it may be hypothesized that 
among asthma patients, corticosteroid therapy underlies a 
relatively larger proportion of mania and hypomania and 
bipolar disorders than depression—the latter being due to 
factors unrelated to corticosteroid therapy. In other 
words, the contribution of corticosteroid therapy to the 
aetiology of bipolar disorders, mania and hypomania is 
likely to be greater than for depression. 
Strengths and Limitations 
Our study has several strengths. Unlike the many cross- 
sectional studies which inform this research domain, this 
study was based on a retrospective cohort, thereby al-
lowing the order of onset of asthma and other mental 
health conditions to be taken into account and the direc-
tion of the association between asthma and mental dis-
orders to be investigated. The data used in this study was 
collected by the 2007 Australian Mental Health and 
Wellbeing survey, and the survey sample is considered to 
represent the general Australian population [17,18]. Rather 
than only investigating the associations for the gender- 
combined sample, the associations were explored for 
each gender separately. To the best of our knowledge, 
this study is the first to show that the association between 
asthma history and risk of subtypes of mental disorders 
may differ by gender. It is a further advantage of this 
study that in the multivariate analysis, potential con-
founders including age, smoking status, pre-existing 
mental disorders were controlled for. 
The major limitation of our study was that asthma 
status was not clinically diagnosed. However, we in- 
cluded length of time of asthma as a proxy for severity of 
asthma and found that for most of the mental disorders 
investigated, risk only increased among those partici- 
pants for whom asthma lasted at least six months. This 
supports the notion that the self-reporting of past asthma 
status was relatively accurate in the MHW survey. As a 
retrospective study, recall bias is also a potential limita- 
tion, especially among older respondents who may have 
trouble remembering diagnoses over longer periods of 
time [26]. The findings of this study need to be con- 
firmed in large scale longitudinal studies. 
5. CONCLUSION 
The findings of this study support the hypothesis that 
pre-existing asthma increases the risk of a number of 
anxiety disorders and affective disorders, especially 
among females. Predisposition to carbon dioxide hyper- 
sensitivity and corticosteroid therapy may partly explain 
the observed associations. 
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Figure A1. Gender-specific cumulative risk of panic disorder 
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Figure A2. Gender-specific cumulative risk of obsessive com- 
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Figure A3. Gender-specific cumulative risk of post-traumatic 
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Figure A4. Gender-specific cumulative risk of bipolar affec- 
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Figure A6. Gender-specific cumulative risk of mania and hy- 
pomania by asthma exposure. 
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